Methods
A concurrent database was kept on 412 consecutive patients who underwent mini-open retroperitoneal anterior lumbar surgery during the period between 2003 and 2005 . The data collected included patient characteristics, preoperative diagnosis, history of abdominal/ spinal surgery, number of levels approached/procedure performed, EBL, time for completion of anterior surgical procedures, intra-and postoperative complications, and hospital LOS.
An adverse event was defined as any unexpected or undesirable event occurring as a result of surgery, and the resultant clinical sequela was defined as a complication. 26 Follow-up data were recorded 3, 6, 12, and 24 months after surgery. All obtained data and relevant hospital charts were reviewed retrospectively by a surgeon (S.H.J.) who looked for any vascular, visceral, or other complications associated with anterior surgical procedures. We used the complication grading system proposed by Rampersaud et al., 26 in which complications were graded with respect to clinical consequence and/or effect on hospital LOS (Table 1) . Three hundred ninety-one patients underwent lumbosacral arthrodesis, and the remaining 21 underwent total disc replacement. There were 264 1-level, 118 2-level, 18 3-level, and 12 4-level procedures. Preoperative characteristics are presented in (Table 2 ). All of the anterior procedures, including anterior-approach and disc procedures, were performed by one of the authors (B.U.K.). The group comprised 114 men and 298 women whose mean age was 56 years (range 34-79 years), and the mean follow-up period was 16 months (range 6-24 months). Complications related to posterior procedures were not included in this study.
Surgical Technique
Anterior access was achieved via a minilaparotomic retroperitoneal approach. Our technique for the anterior approach has been described in detail elsewhere. 12 For single-and multilevel procedures, we used a left-sided, muscle-preserving technique, retracting the rectus muscle superolaterally. The peritoneal contents were placed rostrally using a robotic arm retractor, and vascular dissection was performed with dissecting swabs and a hand-held retractor. At the time of vascular mobilization involving the L4-5 disc space, 2 different trajectories were used, either above the bifurcations or below the bifurcations of the great vessels. In the cases being approached from above the bifurcations, ligation of the iliolumbar vein was usually required to create enough room for the disc procedure. A large wedge-shaped lordotic cage containing allograft bone chips was used as an interbody device in almost all cases with anterior lumbar interbody fusion. All procedures, including exposure and disc procedures, were performed with the use of a hand held retractor and intermittent pressure relaxation, and we did not apply mono polar cauterization to the prevertebral structure.
Results
The mean EBL for anterior procedures was 330 ml (range 50-3000 ml), and mean operative time was 141 minutes (range 60-330 minutes) ( Table 3 ). Incidences of various complications/adverse events associated with the anterior procedures are presented in (Table 4 ). Observed intraoperative complications included 8 major venous injuries (injury to the vena cava or the iliac vein) and 4 minor injuries. Most venous injuries occurred during dissection to obtain appropriate exposure, and the major injuries were repaired with 5-0 Prolene suture. In this series, there was no instance of arterial injury. In a patient who had undergone previous abdominal surgery, a bowel laceration occurred. The 2-3-mm hole in the colon was immediately repaired after operative field isolation.
Postoperatively, 5 patients complained of persistent ileus lasting > 3 days. Of these 5, 2 suffered persistent flank pain accompanied by ileus, and a lumbar CT scan revealed a retroperitoneal hematoma in both cases. After a few days of conservative treatment, symptoms resolved without sequelae in all patients in whom ileus had developed. Four cases of pulmonary effusion were detected on postoperative chest radiographs obtained in patients in whom mild respiratory insufficiency manifested. After a few days of diuretic therapy, follow-up chest radiography confirmed that the effusion had improved. One male patient experienced an angina attack after surgery. Although the symptoms soon subsided, he was transferred to another hospital for appropriate evaluation. Two patients required reclosure of a dehiscent abdominal wound. In this series, the leading complication was symptomatic sympathetic injury, which occurred in 25 patients. Most of these patients experienced temperature variation and/ or swelling of the foot on the affected side. There was no instance of retrograde ejaculation in the male patients during the follow-up period. 
Discussion
In recent years, use of anterior access to the lumbosacral spine has become increasingly popular for surgical treatment of various spinal disorders. Known advantages of the anterior approach include complete excision of a thick anulus fibrosus and disc material, achievement of a favorable condition for arthrodesis with a wide contact area, restoration of focal lordotic curvature, near-total debridement of infective/necrotic tissue, and removal of previously placed interbody devices. 9, 17 With the introduction of artificial disc implantation, anterior lumbar surgery is undertaken with increasing frequency in the treatment of degenerative lumbar disc disease.
Several investigators have reported operative complications of anterior lumbar surgery with variable incidence ranging from 4.2 to 38%. 2, 25, [28] [29] [30] Most of these studies authors have described specific complications such as vascular injury and retrograde ejaculation following anterior lumbar surgery, whereas studies addressing general surgery-related complications of anterior lumbar procedures are rare. 2, 25 In the present study, we offer a detailed analysis of operative complications following anterior lumbosacral procedures and discuss their management or prevention.
Intraoperative Adverse Events and Related Complications
The major intraoperative complication in this series was venous injury, which occurred in 12 instances, an incidence of 2.9%. Although the reported incidence of vascular injury is variable, 2.9% is consistent with that reported in the literature. 2, 15, 25, 28 Of the 12 venous injuries, 8 were injuries of a major venous structure (vena cava or iliac vein) that required direct suture repair, and the remaining 4 were injuries involving veins other than major structures. As in several prior studies, these injuries occurred in relation to the exposure or disc procedure at the L4-5 and L5-S1 levels. 1, 25, 30 There was a single major venous injury at L5-S1, at a site which had been approached from below the venous confluence. The left common iliac vein was confused with the anterior anulus fibrosus for a moment because it was pulled too tight by the retractor blade, resulting in unintended venotomy. In the 7 instances involving an L4-5 disc space approached from above the venous confluence, all but 1 injury occurred during the exposure; this should be repaired with 5-0 Prolene suture. During preoperative evaluation of lumbar spine imaging studies acquired in these patients, the following conditions impeding vascular mobilization had been identified: anterior osteophyte formation (3 cases), discitis (1 case), an old lumbar fracture (1 case), and a high degree of spondylolisthesis (1 case).
9,36 All of these conditions can cause reactive inflammatory change resulting in adherence of vessels to adjacent structures. Other known risk factors for vascular complications include vascular anomalies/tumors, history of anterior spinal surgery, and severe spondylosis. 9, 36 For the purpose of preoperative identification of such obstacles, we recommend routine evaluation of a thin-section whole-lumbar CT scan. Through examination of the thin-section images, surgeons can obtain valuable information about vascular structures that should be mobilized or ligated renal vessels, segmental vessels, the iliolumbar vein, and diseased arteries in addition to evaluating structures that will be difficult to expose.
In the present series, the most severe blood loss occurred in a case in which a large venotomy was made by direct compression of a retractor blade after disc material excision. Compression of the vessel proximal and distal to the venotomy to obtain initial bleeding control preceded primary venous repair. After preparation of volume resuscitation and blood transfusion, a primary repair of the long posterolateral defect over the left common iliac vein was attempted with 5-0 Prolene suture. Final hemo- stasis could be achieved only by using topical agents to reinforce incomplete repairs, and the EBL was 3000 ml. Experience with this unintended large venotomy led to a more careful handling of retractors after disc excision. We suggest that surgeons should be aware of the risk of a large iliac venous injury occurring after discectomy when the vessel is held between the edges of the endplate and retractor blade. Minor vascular injuries included injury of the iliolumbar/segmental vessels. In such cases, bleeding control could be obtained by direct compression or application of a vascular clamp and topical agents, such as Gelfoam (Pfizer) and TachoComb (Nycomed).
The reported incidence of arterial injury related to anterior lumbosacral procedures is generally low, 3,9,14 and such injuries tend to manifest in a thrombotic form. Because these injuries are often fatal, several authors have suggested that the major vessels should be manipulated with the use of hand held retractors instead of stay retractors. 3, 9, 14 In addition, monitoring of the left lower-limb O 2 saturation is recommended to avoid long-standing retraction of the great vessels, which can precipitate a thrombotic vascular event. 3, 14 During the entire period of this series, we performed routine O 2 saturation monitoring of the left leg of all patients, using a pulse oximeter. No stay retractors were used during vascular dissection or disc procedures. In the setting of anterior lumbosacral surgery, we believe that the importance of such diligence throughout the entire procedure to decrease the risk of thrombotic vascular injury cannot be overemphasized.
One female patient who had undergone a previous abdominal surgery sustained a bowel laceration. The injury occurred during subcutaneous dissection resulting from adhesion of the colon to the overlying subcutaneous tissue through a peritoneal defect that had been partially repaired during the previous abdominal surgery. Fortunately, the procedure could proceed as planned after bowel repair, and there were no sequelae. Although the occurrence of a bowel injury is rare, 2,25 a more careful anterior dissection is recommended in patients who have previously undergone abdominal surgery.
Postoperative Complications
Postoperative ileus occurs more frequently after transperitoneal than retroperitoneal procedures, and it is often associated with multiple previous abdominal surgeries, extensive procedures, significant fluid shifts, retroperitoneal hematoma, or excessive narcotic use.
2,25
The reported incidence ranges from 0 to 10%. 7, 24, 25, 28, 29, 32 Of the 5 patients who experienced prolonged ileus in the present series, there were 2 patients who underwent multilevel anterior lumbar interbody fusion and 1 patient who had previously undergone abdominal surgery. In the other 2 patients who complained of vague flank/back pain accompanied by ileus lasting more than 5 days, lumbar CT scanning detected a retroperitoneal hematoma adjacent to the left psoas muscle. In all 5 cases, the symptoms resolved after a few days of conservative treatments including nasogastric decompression and intravenous fluids.
Mild postoperative respiratory insufficiency was observed in 4 patients. Two of these patients underwent multilevel surgery, and 1 patient suffered significant blood loss during surgery (EBL 1300 ml). The average age of these patients was 68 years, and chest radiographs acquired in the lateral decubitus position confirmed the presence of pulmonary effusion. These patients were (4) primary repair (8); sutureless repair (4) 0 (4); I (6), II (2) prolonged ileus (5) multilevel op (2); retroperitoneal hematoma formation (2); none (1) nasogastric decompression (3) intravenous fluid (2) II (5) pleural effusion (4) multilevel surgery (2); significant EBL (1); none (1) diuretics (4) II (4) wound dehiscence (2) none (2) minor venous injury (1); none (1) reclosure (2) I (2) symptomatic retroperitoneal hematoma (2) none (2) II (2) angina (1) none (1) transfer (1) II (1) bowel injury (1) large bowel laceration (1) primary repair (1) II (1) overall (52) 0 ( treated with diuretics to maintain negative balance for 2-3 days, and improvement of effusion was confirmed on follow-up chest radiographs. There were 2 cases of incisional wound problems requiring reclosure. Both patients were obese but had no metabolic disease. In general, this type of complication is associated with a technical fault rather than with systemic conditions that could impede wound healing. After wound repair, neither patient suffered sequelae such as superficial cellulitis or wound abscess.
The leading postoperative complication in this series was sympathetic dysfunction, of which there were 25 cases. This number falls within the reported incidence of 4-10%. 25, 29, 38 The typical complaint of the affected patient is a cold lower extremity on the side contralateral to the approach because the ipsilateral side is warmer due to lack of sympathetic vasoconstriction. Sometimes, patients experience intermittent edema of the ipsilateral lower extremity together with temperature variation. While this condition can be disconcerting to the patient, it is clinically benign in most cases and requires nothing more than reassurance of the patient. Routine palpation of the dorsalis pedis pulse should be performed, however, to rule out a possible arterial thrombotic event. Of the 25 instances of sympathetic dysfunction, 19 occurred in patients with sympathetic dysfunction associated with the side of the approach, and the remaining 6 occurred in patients who exhibited bilateral symptoms. Because most of the patients with bilateral symptoms underwent surgery without excessive dissection on the opposite sympathetic chain, we suspected that sympathetic disruption might result from indirect injury such as that due the use of electrocautery during exposure. To minimize this complication, therefore, we recommend less use of cautery irrespective of monopolar or bipolar type. Some authors, however, regard this complication as an unavoidable occurrence in some cases due to its proximity to vertebral bodies. 10, 25, 36 In the present study, most of the affected patients experienced resolution of symptoms within 6 months of surgery. Four patients continued to experience temperature variation of the leg with/without intermittent edema at 6 months after surgery, and there were 2 other patients who complained of an absence or decrease of sweat on the left lower extremity 1 year postsurgery.
In male patients, the occurrence of retrograde ejaculation following anterior lumbar procedure has been a major concern. The reported incidence varies widely in the literature, ranging from 0 to 10% in different series. 10, 25, 28, 32, 33, 39 This complication results from injury to the hypogastric plexus, which is located anterior to the L-5 and S-1 vertebral bodies. The known risk factors include the use of monopolar cautery and an operative approach via a transperitoneal route. Penta and Fraser, 24 DeWald et al., 7 and Saraph et al., 29 have noted that no retrograde ejaculation occurred when the mini-open retroperitoneal approach was used. Although the occurrence of retrograde ejaculation cannot be completely excluded, our results indicate that the risk is not high when the anterior access is achieved via a retroperitoneal route without the use of monopolar cauterization.
Conclusions
This report presents a detailed analysis of complications related to anterior lumbar surgery. Documented major intraoperative adverse events comprised vascular injuries, most of which occurred during exposure in association with vascular adherence to prevertebral structures. Routine evaluation of a thin-section whole lumbar CT scanning is recommended to obtain detailed information on vascular structures and to evaluate conditions suggesting vascular adherence. Sympathetic dysfunction was the leading postoperative complication, accounting for 6% of the total incidence. These patients experienced temperature variation with/without intermittent edema of the affected extremity, most of which resolved spontaneously with time. Although the incidence of various complications appears low considering the magnitude of the procedure, we believe that surgeons should be aware of these potential complications and their management.
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